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Aims: There are competing hypotheses about the etiology of post prostatectomy incontinence (PPI). The purpose of this
study was to determine the anatomical and functional differences between men with and without PPI.Methods: Case–
control study of continent and incontinent men after radical prostatectomy who underwent functional and anatomic
studies with urodynamics and 3.0 TeslaMRI. All men were at least 12months post prostatectomy and none had a history
of pelvic radiation or any prior surgery for incontinence. Results: Baseline demographics, surgical approach, and
pathology were similar between incontinent (cases) (n¼ 14) and continent (controls) (n¼ 12) men. Among the cases, the
average 24hr pad weight was 400.0 176.9 g with a mean of 2.40.7 pads per day. Urethral pressure profiles at rest did
not significantly differ between groups; however, with a Kegel maneuver the rise in urethral pressure was 2.6 fold higher
in controls. On MRI, the urethral length was 31–35% shorter and the bladder neck was 28.98 more funneled in cases.
Therewere no differences in levator animuscle size between groups. Therewas distortion of the sphincter area in 85.7%of
cases and in 16.7% of controls (P¼0.001).Conclusions: MenwithPPIwere not able to increase urethral pressurewith a
Kegel maneuver despite similar resting urethral pressure profiles. Additionally, incontinent men had shorter urethras
and were more likely to have distortion of the sphincter area. All suggesting that the sphincter in men with PPI is both
diminutive and poorly functional. Neurourol. Urodynam. 34:527–532, 2015. # 2014 Wiley Periodicals, Inc.
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INTRODUCTION
One out of every six men will be diagnosed with prostate
cancer1 and half of those diagnosed with localized disease will
choose radical prostatectomy (RP) as their primary treatment.2
Deaths from prostate cancer are on the decline3 and far more
men live with prostate cancer than die of their disease,
therefore side effects of therapy take on a new level of
importance. Up to 75% of men post prostatectomy report
urinary incontinence of any kind3 and it is this incontinence
that has the most significant impact on quality of life after
surgery.4
There are competing hypotheses about the exact etiology of
post prostatectomy incontinence (PPI)5–7 and there is no
consensus on the exact anatomy of the structures believed to
be integral to continence.8,9 Potential causes of PPI include
damage to the bladder neck, external urethral rhabdosphinc-
ter,10–12 lissosphincter, pelvic floor13 or the innervations to
these muscles.6 Fibrosis at the urethral anastomosis has also
been shown to be associated with incontinence14 and causes
the area to be rigid, unlike the normally elastic urethra that
promotes continence.
The purpose of this pilot study is to test an investigative
strategy designed to identify anatomical and functional
differences between continent and incontinent men after
radical prostatectomy using urodynamics and MRI evaluation.
Our hypotheses are that incontinent men will have lower
urethral pressures, shorter sphincteric mechanisms, more
attenuated pelvic floor muscles, and more anatomical distor-
tion fromfibrosis at the urethral anastomosis than seen in their
continent counterparts. These insights should advance the
understanding of PPI which is paramount among the side
effects experienced by RP patients.4
MATERIALS AND METHODS
Study Participants
This is an IRB approved case control study comparing both
functional and anatomic differences in men with and without
PPI. Men who underwent open retropubic or robotic radical
prostatectomies a minimum of 12 months previously were
recruited based on chart reviews from urology clinics at the
University of Michigan and the Ann Arbor Veteran’s Adminis-
tration Hospital and via mailed invitation to participate in the
study. Cases were defined asmen status post RPwho had stress
urinary incontinence based on history and a net positive urine
loss on 24hr pad weights. Controls were defined as men who
did not have any kind or amount of incontinence based on
history and did not wear pads. Surgical and pathological data
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were obtained from patient charts. All subjects completed a
three day voiding diary, the American Urological Association
Symptom Index (AUA-SI)15 and the Michigan Incontinence
Symptom Index.16 Cases also submitted a 24hr pad collection.
Exclusion criteria for both groups included the presence of
urgency incontinence, urinary retention, neurologic disease,
high dose steroid use, pre-prostatectomy urgency or inconti-
nence, pelvic radiation, prior incontinence surgery, current
medical therapy for incontinence, pelvic recurrence or a
perineal route of RP since this gives a distinctly different MRI
appearance.17 Data were compared between cases and controls
using unpaired t-test for continuous data and Fisher’s Exact test
for all categorical data.
Study Protocol
All participants underwent multichannel urodynamic as-
sessment and non-contrast 3.0 Tesla MRI without endorectal
coil. Urodynamics were performed by a single urodynamics
nurse (CN) blinded to continence status with a Laborie
AquariusTM unit. Prior to filling, urethral pressure profiles
(UPP) were obtained three times at rest and three times with
maximum Kegel effort while the catheter was withdrawn at a
constant speed of 2mm per second and perfused with saline at
2ml/min. Then, with the patient in a standing position, the
bladder was filled at 50 cc/min with normal saline with an 8F
air charged urodynamics catheter and rectal pressures
recorded. All urodynamic definitions complied with the
standardized terminology of the International Continence
Society.18
MRI image sequences were obtained in the supine position
with a 3.0 Tesla Philips Achieva, Philips Medical Systems MRI
unit with an eight channel cardiac coil positioned over the
pelvis. Endorectal coils were not used since this would distort
the natural anatomy and cause discomfort.19 Images were
obtained in 2mm slices with T1-weighted and fast spin echo
T2-weighted sequences of the entire pelvis in the axial, sagittal,
and coronal views.
MRI Measurements
Identification andmeasurement of structureswas performed
according to techniques that have already been estab-
lished5,8,13,14,17,19 (Fig. 1). The bladder neck was identified and
the angular measurement of the lumen recorded. The
anatomical urethral sphincter length was measured from the
bladder neck to the entry of the urethra into the penile bulb in
both the sagittal and coronal planes.5 The urethral thickness
wasmeasured in its thickest area in three views. The levator ani
wasmeasured in two viewswith the thickest areameasured as
the maximum length converging on the urethra.5,13 Measure-
ments were made by two urologists (APC and AMS) and the
values averaged. In the event of a discrepancy of more than
3mm or 108 the measurements were repeated and a consensus
achieved.
RESULTS
The incontinent cases (n¼ 14) had a mean age of 68.2 years
and the continent controls (n¼ 12) 67.7 years (P¼ 0.84).Medical
comorbidities, surgical approach, surgical complications, time
since surgery and pathologic stage were not significantly
different between groups. All men had undetectable prostate
specific antigen (PSA) at the time of study (Table I).
In cases, the average 24hr pad weight was 400.0 g with a
mean of 2.4 pads per day. By definition, none of the controls
wore any pads. AUA-SI scores were 12.1 in cases and 3.5 in
controls (P¼0.0021) with a quality of life of 4.1 ‘‘mostly
Fig. 1. Demonstration of MRI measurement technique. All imaging was measured on T2 weighted images. A: Bladder neck angle measured sagittally. B:
Urethral sphincter length and width measured sagitally. C: Identification of urethra (blue) and levator muscles (red) on axial image at the thickest portion of
the urethral sphincter.D: Bladder neck anglemeasured coronally. E: Levator muscles identified (red) and urethral length andwidthmeasured (blue) coronally.
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dissatisfied’’ and 0.5 ‘‘pleased,’’ respectively (P<0.0001). M-ISI
total severity scores were 17.1 in cases and 2.7 in controls
(P< 0.0001) (Table II).
Mean UPP at rest were similar between cases and controls
(92.4 vs.91.1mmcmH2O, P¼0.95). However, a man’s ability to
raise his urethral pressure during pelvic muscle contraction
was 2.6 times lower among cases compared with than controls
(change of 56.3 vs. 147.5mmcmH2O, P¼ 0.040). Out of the three
UPP measurements taken during a Kegel, if only each
individual subject’s highest value was analyzed the UPP of
incontinent patients was half that of dry men (P¼0.031).
Functional urethral length was similar between groups.
Maximum cystometric capacity was 95ml lower in cases and
their detrusor pressure at maximum flow was half that of the
controls; however maximum flow rates did not differ (Table II).
On MRI, in cases, the anatomical urethral sphincter length
was 35% shorter in the sagittal view and 31% shorter in the
coronal view (Table II). Also, the bladder neck was 28.98 more
funneled (open) among cases on sagittal angular measurement
(Fig. 2). Scar could not be measured or clearly differentiated
from muscle at the anastomosis since no intravenous contrast
was administered; however, subjective asymmetry and/or
distortion of the sphincter area was noted in 85.7% of cases and
in 16.7% of controls (P¼0.001) (Fig. 3). Measurements of levator
ani length and thickness were not different in any view
(Table II). Given the mixed surgical groups, all MRI and
urodynamic measurements were compared between the
open RP and robotic RP and there were no significant differ-
ences or trends found.
DISCUSSION
In men with PPI, the visible urethral sphincter is 31–35%
shorter and the bladder neck angle is 28.98 more funneled
compared to continent men on MRI. Also, there is more
subjective distortion of the sphincteric area onMRI in the cases,
but no difference in levator animeasurements between groups.
Urodynamically, during a Kegel maneuver, incontinent men
were much less able to augment their urethral pressures than
their dry counterparts, although there were no differences in
urethral pressure profiles at rest between groups. In our prior
analysis of dynamic MRI measurements of this same patient
populationwe did not find any difference in urethral or bladder
neck mobility between the cases and controls.20
These findings supported the hypothesis that the sphincteric
urethra would be shorter in incontinent men compared to
continent men after RP. Several authors have evaluated the
impact of urethral sphincter length before RP and have found
that continence was slower to recover in men with short
urethras at baseline.12,13,21
There are, however, few studies on the appearance of the
urethra after surgery. Paparel et al.21 in a retrospective study of
64men reviewed 1.5TMRIs performed both before and after RP.
This imaging was performed to evaluate for recurrence in the
setting of a rising PSA after surgery. Both a shorter preoperative
and post-operative membranous urethra was associated with
incontinence. Also, a higher ratio of urethra lost during the
surgery was associated with worse continence. The absolute
loss of urethral length was small with themedian preoperative
urethral length being 14mmand post operatively reduced only
to 13mm suggesting that little urethral length is lost. In
contrast to our findings, Kordan et al.5 evaluated 30 patients, 14
continent and 16 incontinent, after nerve sparing RPwith a 1.0T
MRI. They found no significant difference in urethral sphincter
length between the continent and incontinent men.
An unexpected finding in our MRI analysis was that the
bladder neck was significantly more funneled or widely
angulated in patients with incontinence. The implications of
amore funneled bladder neck inmen are notwell known. There
have been several publications on the bladder neck appearance
in females, where an open bladder neck on fluoroscopic
urodynamic studies correlated strongly with stress inconti-
nence.22,23 Also, in a study that evaluated funneling of the
bladder neck via ultrasound in women both before and after
colposuspension surgery found recurrent incontinence to be
twice as common at 48 months in those patients who had
persistent funneling.24
This difference in the amount of bladder neck angulationwas
significant on sagittal images. On coronal images there was
only a trend toward the bladder neck being 15.98 more open in
incontinent patients (P¼ 0.12). The impact of bladder neck
funneling on incontinence in men deserves further study.
Asymmetry and distortion of the sphincteric urethra was
observed to be fivefold more common in the incontinent men.
There is scant data on the impact of distortion and urethral
fibrosis on MRI. Although we could not definitively identify
fibrous scar tissue on MRI since muscle can have similar






Age (years) 68.2 1.6 67.7 1.8 0.84
Body mass index (kg/m2) 28.4 1.2 28.9 1.0 0.76
Race
Caucasian 85.7% (12/14) 91.7% (11/12) 1.00
AA 14.3% (2/14) 8.3% (1/12)
Other 0 0
Diabetic 21.4% (3/14) 25% (3/12) 1.00
Smoker
Current 7.1% (1/14) 8.3% (1/12) 1.00
Past 50.0% (7/14) 41.7% (5/12) 0.71
HTN 50.0% (7/14) 33.3% (4/12) 0.45
Peripheral vascular disease 7.1% (1/14) 0% (0/12) 1.00
History of MI 0% (0/14) 8.3% (1/12) 0.46
Surgical history
Time since surgery (years) 4.9 1.0 5.6 1.3 0.64
Pre op PSA 8.6 1.5 5.9 1.1 0.17
% Open RRP vs. robotic 57.1% (8/14) 33.3% (4/12) 0.27
% Nerve sparing 61.5% (8/13) 83.3% (10/12) 0.38
Blood loss during
prostatectomy (ml)
407.3 102.3 308.3 142.4 0.57
Surgical details
Bladder neck spared 0% (0/9) 16.7% (2/12) 0.49
Bladder neck reconstructed 66.7% (6/9) 63.6% (7/11) 1.00
Anterior urethropexy
performed
11.1% (1/9) 36.3% (4/11) 0.32
Running anastomosis 55.6% (5/9) 72.7% (8/11) 0.64
Pathology prostate weight
(grams)
65.1 7.6 50.5 3.0 0.11
Surgical Gleason score 6.8 0.2 6.9 0.1 0.48
Surgical stage
T2N0M0 92.9% (13/14) 75.0% (9/12) 0.31
T3N0M0 7.1% (1/14) 25% (3/12)
T4N0M0 0% (0/14) 0% (0/12)
Bladder neck contracture
incision
15.4% (2/13) 0% (0/12) 0.45
Did formal physical therapy
post op
35.7% (5/14) 8.3% (1/12) 0.17
Took medical therapy post op 28.6% (4/14) 8.3% (1/12) 0.33
RRP, radical retropubic prostatectomy.
Unpaired t-test (all other Fisher’s Exact test).
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enhancement without the use of intravenous contrast,
morphologic distortions were clearly visible and different
between cases and controls. Regarding previous evaluations of
fibrosis, Tuygun et al.14 evaluated 22 men with incontinence
and 14 men who were dry after transurethral resection, RP or
simple prostatectomy with 1.5 T MRI. The severity of periure-
thral andurethral fibrosiswas graded onT2weighted images as
none, mild, moderate, or severe. Fibrosis at the anastomotic
junction was seen in 100% of the incontinent group and in 29%
of the continent group. In contrast, Paparel et al.21 devised a
classification system to grade periurethral and urethral fibrosis
from grade 0 (no fibrosis) to grade three (circumferential
fibrosis) on post radical prostatectomy axial images. In their
study, they found only a trend toward worse grades of fibrosis
in patientswith post-surgical incontinence. Other authors have
also not been able to find a difference in the amount of
periurethral fibrosis between continent and incontinent men.5
Our finding of anatomical distortion in incontinent men is not
surprising given that a non-pliable, scarred urethra and
sphincter would coapt less than one without fibrosis.
We did observe a large difference between groups in the
ability to increase UPP during a Kegel maneuver. It is
interesting that there were no differences in UPP at rest. There
are controversial findings in the published literature with
urethral closure pressures at rest being worse in men with PPI
in several studies but no difference found in others.25 However,
all of these studies evaluated urethral pressures at rest only.
The finding that continentmen are better able to augment their
urethral pressure with a Kegel maneuver is novel, but not
surprising. Either these men are routinely performing this
effective maneuver to prevent leakage or it is an indicator of
more normal urethral pliability and intact sphincter muscles
and innervation. Our continent controls also had a higher
detrusor pressure at maximum flow. Other authors with larger
TABLE II. Urodynamics and MRI Measurement Results
Cases (n¼ 14) Controls (n¼ 12) P-value
Clinical findings
AUASI
Total score 12.1 2.1 3.5 0.9 0.0021




Total severity 17.1 2.3 2.7 0.7 <0.0001
Total bother 2.4 0.5 0.1 0.1 0.0010
Pad weights (g) 400.0 176.9 None —
Pads per day 2.4 0.7 None —
Urodynamics
PVR (ml) 21.4 12.5 21.2 9.2 0.99
First desire (ml) 180 24 243 30 0.11
Max. cystometric capacity (ml) 314 33 409 34 0.062
Detrusor overactivity 7.1% (1/14) 0% 0/12 1.00
Pdet Qmax (cmH2O) 33.1 4.4 67.3 16.0 0.021
Qmax (ml/sec) 15.2 2.5 15.5 2.0 0.92
Urethral profilometry
Functional urethral length (mm) 23.7 1.8 25.6 2.6 0.55
Mean UPP at rest (mmcmH2O) 92.4 9.0 91.1 9.5 0.95
Rise in UUP with Kegel (mmcmH2O) 56.3 20.1 147.5 38.9 0.040
Highest UPP with Kegel (mmcmH2O) 161.8 23.5 306.0 74.6 0.031
MRI measurements
Urethral measurements
Coronal urethral length (cm) 1.43 0.15 1.87 0.21 0.049
Sagittal urethral length (cm) 1.30 0.10 1.75 0.23 0.033
Coronal urethral thickness (cm) 0.91 0.06 1.03 0.06 0.18
Sagittal urethral thickness (cm) 0.91 0.04 0.99 0.05 0.10
Axial urethral diameter AP (cm) 1.35 0.07 1.26 0.07 0.37
Axial urethral diameter lateral (cm) 1.35 0.06 1.27 0.07 0.39
Bladder neck measurements
Coronal bladder neck angle (8) 88.4 3.9 104.3 9.6 0.12
Sagittal bladder neck angle (8) 52.2 5.2 81.1 11.8 0.030
Presence of scar or distortion 85.7% (12/14) 16.7% (2/12) 0.0011
Presence of pubovesical ligament 23.1% (3/13) 63.6% (7/11) 0.10
Levator ani measurements
Coronal thickness right (cm) 1.62 0.07 1.62 0.10 1.0
Coronal thickness left (cm) 1.65 0.08 1.60 0.09 0.73
Coronal length right (cm) 4.79 0.25 4.77 0.26 0.96
Coronal length left (cm) 4.82 0.23 4.80 0.22 0.97
Axial thickness right (cm) 0.99 0.05 1.08 0.05 0.27
Axial thickness left (cm) 0.98 0.07 1.01 0.05 0.75
AUASI, American Urological Association Symptom Index; M-ISI, Michigan Incontinence Symptom Index; UPP, urethral pressure profile; MCC, maximum cystometric
capacity; Pdet, detrusor pressure; Qmax, maximum flow; AP, anterior-posterior.
Unpaired t-test unless otherwise indicated.
Fisher’s Exact test.
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series have previously found no difference in this value
between continent and incontinent men after RP,26 suggesting
that this finding may be due to our small patient population or
is perhaps a novel finding requiring future study.
A full understanding of the effects of RP on the continence
mechanism would consider the location of the different
elements of the sphincter along the length of the urethra and
whether or not they are excised or damaged during surgery. In
addition, the possibility that the nerves that supply them may
have been injured. The bladder neck and the lissosphincter
receive autonomic innervation while the striated urogenital
sphincter has both an autonomic innervation that influences
Fig. 2. Examples of sagittal MRI measurements of urethral sphincter length and bladder neck angle in three incontinent men (A–C) and three continent
men (D–F).
Fig. 3. Axial MRI images at the level of the thickest area of the sphincter with urethra circled in orange demonstrating the visible distortion of the anatomy in
three incontinent men (A–C) and three continent men (D–F).
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resting tone and somatic innervation that affects contraction
under volitional control.6 The findings of our study reveal that
there is a dramatic difference between men who are continent
and incontinent in the degree to which men can voluntarily
increase their urethral closure pressure when instructed to
perform a pelvic muscle contraction and that they have an
anatomically shorter urethra. This is consistent with a
hypothesis that more distal removal of the prostate damages
this voluntary sphincter mechanism or its nerve supply. It
would also be consistent with a shorter urethra, as those in
whom the distal dissection removes more of the urethra would
be expected to go low enough to affect the distal striated
sphincter. In the sameway, a more distal dissection would pull
the anastomosis further down resulting in the funneling
appearance seen in these individuals.
It is not known if the compromise to the innervation of these
structures, the resulting scar or the damaged structures
themselves is responsible for incontinence. Our findings cannot
distinguish between nerve damage to the distal striated
urogenital sphincter or to its somatic innervation from the
pudendal nerve. It does, however, suggest that voluntary
structures controlled by the pudendal are involved rather than
just autonomically controlled structures that are affected.
Although the autonomic fibers are critical to erectile function,6
itmay be the somatic fibers of the pudendal nerve that preserve
continence. This would be consistent with our observation that
the resting pressures are not different between continent and
incontinent men.
This study should be interpreted with certain limitations in
mind. This unblinded pilot study involved a small sample size
of patients who had two different approaches to RP with the
aim of obtaining baseline data for future larger studies. The
men had a wide range of severity of incontinence (<10g to
>1800 g/day) therefore these results are not generalizable to
men with moderate incontinence.
This small sample size also precluded multivariate analysis
and subgroup analyses. Second, we do not have MRI and
urodynamicmeasurements before prostatectomy,whichwould
be of great value in quantifying the impact of the actual surgery
on each of our measures and would assist in establishing the
causation of the PPI. It is certainly possible that our incontinent
cohort had shorter urethral sphincters and poor Kegel effort at
baseline. Also the distortion and scar present in the urethramay
have made UPP measurements inaccurate in the cases.
CONCLUSIONS
In continent men, the visible urethral sphincter is longer,
there is less distortion of the sphincteric area and the bladder
neck is less funneled compared to incontinent men on MRI.
Urodynamically, during aKegelmaneuver, continentmenwere
much better at augmenting urethral pressures than their wet
counterparts although there were no differences in urethral
pressure profiles at rest between groups. All of these findings
suggest that the sphincter in men with PPI is both diminutive
and poorly functional possibly due to scar. A new finding is the
importance of amorewidely open bladder neck contributing to
incontinence that warrants further investigation.
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